Aim: To evaluate the efficacy and safety of ertugliflozin and sitagliptin co-administration vs the individual agents in patients with type 2 diabetes who are inadequately controlled with metformin.
| INTRODUCTION
Current guidelines recommend that a single agent be added to treatment in patients with inadequate glycaemic control with metformin monotherapy. 1 Although some patients achieve glycaemic control with dual therapy, many, especially those starting at higher HbA1c levels, may not. Further, patients who achieve glycaemic control with dual therapy may experience progressive deterioration of glycaemic control. In some cases, it may be appropriate to consider addition of a combination of two anti-hyperglycemic agents (AHAs) with complementary mechanisms of action, favourable safety profiles and without pharmacokinetic interaction, such as a sodium-glucose cotransporter 2 (SGLT2) and dipeptidyl peptidase-4 (DPP-4) inhibitors. 2 This may provide a more robust and sustained anti-hyperglycaemic effect, resulting in more patients achieving and maintaining glycaemic goals, and could become a useful alternative to the single stepwise antihyperglycaemic approach.
Ertugliflozin is an inhibitor of SGLT2, with high selectivity relative to SGLT1. 3, 4 Ertugliflozin as monotherapy 5 or as add-on to metformin 6 or metformin and sitagliptin 7 improved glycaemic control and reduced body weight, with a safety profile consistent with that of other SGLT2 inhibitors. Sitagliptin is a DPP-4 inhibitor indicated for treatment of type 2 diabetes. 8 Sitagliptin as monotherapy, 9 or as part of dual 10 or triple 11 therapy for patients with type 2 diabetes, provides clinically meaningful reductions in blood glucose. A pooled safety analysis of data from 14 611 patients demonstrated that sitagliptin 100 mg/d was generally well tolerated in clinical studies of up to 2 years. 12 This report presents efficacy and safety results from the Phase 3 VERTIS (eValuation of ERTugliflozin efficacy and Safety) FACTO-RIAL study. The primary objective was to determine whether coadministration of ertugliflozin (5 or 15 mg) with sitagliptin 100 mg provides better glycaemic benefit after 26 weeks compared with the individual agents in patients with type 2 diabetes who were inadequately controlled with metformin.
| RESEARCH DESIGN AND METHODS

| Study design
This was a randomized, double-blind, multicentre, 52-week factorial study (VERTIS FACTORIAL) (Protocol MK-8835-005; ClinicalTrials. gov identifier: NCT02099110) that was conducted in 2 phases: after 26 weeks (Phase A) the primary and key secondary hypotheses were assessed; after another 26 weeks (Phase B) longer term efficacy and safety were evaluated.
Eligible patients were ≥18 years of age with type 2 diabetes according to American Diabetes Association guidelines, 13 and HbA1c ≥7.5 and ≤11.0% (≥58 and ≤97 mmol/mol) with stable (≥8 weeks) metformin monotherapy ≥1500 mg/d. Patients receiving ≥1500 mg/d metformin for <8 weeks or receiving <1500 mg/d at screening entered a titration/stabilization period and were eligible after completing 8 weeks of metformin monotherapy ≥1500 mg/d.
Patients were excluded from the study if they had type 1 diabetes, a history of ketoacidosis, an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 , serum creatinine ≥1.3 mg/dL (men) or ≥1.2 mg/dL (women), or history of a cardiovascular event within 3 months of screening. Patients treated with any AHA other than protocol-approved agents within 12 weeks of screening were also excluded (Methods, Appendix S1). These agents, with the exception of those used as study treatments or rescue medication, were also prohibited during the study.
Randomization was implemented centrally, using an interactive voice response system/integrated web response system. Eligible patients were randomized equally (using a computer-generated schedule) among 5 treatment groups: ertugliflozin 5 mg (E5), ertugliflozin 15 mg (E15), sitagliptin 100 mg (S100), and the coadministrations E5/S100 and E15/S100. Oral sitagliptin and ertugliflozin were administered as separate tablets once daily, at approximately the same time each morning, without regard to food intake.
Ertugliflozin and sitagliptin were packaged identically relative to their matching placebos to maintain blinding. Patients, investigators, contract research personnel (Covance) and the sponsor were blinded to group assignments. The sponsor was unblinded at Week 26 to permit authoring of the Phase A clinical study report. Patients and personnel associated with the conduct of the study at Covance and study sites remained blinded until after completion of Phase B.
Patients received glycaemic rescue therapy with open-label glimepiride (or insulin glargine if glimepiride was not considered appropriate by the investigator) if they met rescue criteria (Methods, Appendix S1). Rescued patients remained blinded.
A subset of patients participated in a mixed-meal tolerance test (MMTT) that was performed at Day 1 and Week 26 (Methods, Appendix S1). Randomization was stratified by participation in the MMTT (yes/no).
The study was conducted in accordance with principles of Good Clinical Practice and was approved by the appropriate institutional review boards and regulatory agencies. All participating patients provided written informed consent prior to participating in study-related activities. The protocol and statistical analysis plan were developed by the sponsors in consultation with an external Scientific Advisory Committee.
| Endpoints
The primary efficacy endpoint was change from baseline in HbA1c at
Week 26. Key secondary efficacy endpoints, also evaluated at Week 26, were: change from baseline in fasting plasma glucose (FPG), body weight and systolic blood pressure (SBP); proportion of patients with Patients who experienced symptoms consistent with hypoglycaemia or had blood glucose values ≤70 mg/dL (3.9 mmol/L), regardless of symptoms, were to complete an entry in a hypoglycaemia assessment log (definitions of hypoglycaemia are given in Methods, Appendix S1).
| Statistical analysis
The primary study hypotheses were that, after 26 weeks of treatment, co-administration of E5/S100 or E15/S100 in addition to metformin provides a greater reduction from baseline in HbA1c than addition of either individual agent. No hypothesis testing was con- Efficacy analyses included all randomized, treated patients who had ≥1 measurement of the efficacy outcome. Observations obtained after initiation of glycaemic rescue therapy were treated as missing in all efficacy analyses. For glycaemic endpoints, the efficacy of E5/S100 and E15/S100 was compared with that of the corresponding dose of ertugliflozin alone and S100 alone. For body weight and SBP endpoints, E5/S100 and E15/S100 were compared only with S100.
A longitudinal data analysis (LDA) model 14 was used to evaluate continuous endpoints, with fixed effects for treatment, baseline eGFR, time (categorical) and interaction of time by treatment, with a constraint that the true mean at baseline is common to all groups, which is valid because of randomization. Missing data were handled implicitly by the model. Logistic regression was used to evaluate the proportion of patients with HbA1c <7.0% (<53 mmol/mol), fitted with terms for treatment, baseline eGFR and baseline HbA1c, with missing data imputed via multiple imputation using the LDA model described above.
An ordered testing procedure was used to control for the type 1 error rate at 0.05 significance (2-sided) (Table S1, Appendix S1).
Consistency of treatment effect was assessed across different subgroups including baseline HbA1c categories (Appendix S1). For Week 52 efficacy endpoints, statistical testing was not performed; however, 95% confidence intervals (CIs) are provided for between-group comparisons.
Safety analyses included all randomized, treated patients. All safety analyses at Week 26, except the analysis of serious AEs (SAEs) and discontinuations because of AEs, excluded data acquired following initiation of glycaemic rescue. All safety analyses at Week 52, with the exception of those related to hypoglycaemia, included post rescue observations. P values for between-group differences in prespecified AEs were computed using the Miettinen and Nurminen method. 15 Changes in lipid parameters (high-density lipoprotein cho-
lesterol [HDL-C] and low-density lipoprotein cholesterol [LDL-C])
were assessed by an LDA model similar to that used for the primary endpoint. Changes from baseline in eGFR were summarized descriptively. Further details of the study methods are provided in the study protocol in Appendix S2.
| RESULTS
This study was conducted in 21 countries across 242 trial centres.
The countries and investigators are in Appendix S1. The trial started on April 29, 2014; the last patient completed Phase A on November 11, 2015 and Phase B on May 26, 2016.
| Patients
A total of 1233 patients were randomized and 1232 treated patients were included in the primary endpoint analysis. Across the groups, ≥89.5% of patients completed 26 weeks with the study drug ( Figure S1 , Appendix S1). Baseline characteristics were generally similar among groups (Table 1) . Overall, patients had a mean baseline HbA1c of 8.5% to 8.6% (69.4 to 70.2 mmol/mol) and a mean eGFR of 91.9 to 92.8 mL/min/1.73 m 2 .
| Efficacy
At Week 26, significantly greater reductions in HbA1c were observed in both co-administration treatment groups compared with individual agents (P < .001 for all comparisons) ( Table 2) 
. Reductions in HbA1c
were observed in all groups at the first post-baseline visit at Week 6 ( Figure 1A ). Larger reductions in HbA1c were observed in patients with higher baseline HbA1c levels (Table S2 , Appendix S1). Greater HbA1c lowering for the co-administrations compared with individual agents was observed across subgroups of age, sex, race or ethnicity (Table S2 , Appendix S1).
At Week 26, HbA1c <7.0% (<53 mmol/mol) was achieved by 26.4%, 31.9%, 32.8%, 52.3% and 49.2% of patients in the E5, E15, S100, E5/S100 and E15/S100 groups, respectively. The odds of having HbA1c <7.0% (<53 mmol/mol) at Week 26 were significantly greater in the co-administration groups compared with groups receiving individual agents ( Table 2) . At Week 26, the co-administrations provided significantly greater reductions in FPG compared with individual agents ( Table 2) . At Week 26, significantly greater reductions in body weight and SBP were observed for E5/S100 and E15/S100 vs S100 (all P ≤ .005) Figure 1B ). At Week 26, diastolic blood pressure, which was not included in the ordered testing procedure, decreased from baseline by a similar extent in all groups (Table S3 , Appendix S1). Effects on glycaemic control, body weight and SBP were maintained through
Week 52 and were generally similar to results at Week 26 ( Table 2 ; Figure 1A (Table S4 , Appendix S1). The β-cell responsivity static component (Φ s ), a measure of the stimulatory effect of glucose on insulin secretion at steady state, 16 and HOMA-β increased relative to baseline in all groups (Table S4 , Appendix S1). There were no meaningful changes from baseline in insulin or C-peptide in any group (data not shown).
The proportion of patients receiving rescue medication was low across groups; fewer patients in the E5/S100 (2.5%) and E15/S100 (0.0%) groups received glycaemic rescue therapy by Week 26 compared with patients in the E5 (6.4%), E15 (2.8%) and S100 (6.5%) groups. At Week 52, 11.1% and 10.7% of patients had received rescue medication in the E5/S100 and E15/S100 groups, respectively, compared with 18.4%, 21.0% and 27.9% of patients in the E5, E15 and S100 groups, respectively.
| Safety
During both Phase A and Phase A + B, overall incidences of AEs, SAEs and discontinuations following AEs were not meaningfully different across groups ( Table 3 ). Incidences of drug-related AEs were higher in the co-administration groups compared with the S100 group. The most commonly reported drug-related AEs in patients receiving any ertugliflozin treatment were genital mycotic infections; compared with S100, the differences were statistically significant for E15/S100 in women and E5/S100 and E15/S100 in (Table 3 ). Documented hypoglycaemia occurred during Phase A in 5.6%, 5.2%, 3.6%, 5.3% and 9.0% of patients, and during Phases A + B in 6.8%, 6.5%, 5.7%, 7.0% and 11.5% of patients in the E5, E15, S100, E5/S100 and E15/S100 groups, respectively (Table S5 , Appendix S1). Two patients, both in the E15 group, had an AE of severe hypoglycaemia. One reported a These decreases were modest, were considered not clinically meaningful, and were followed by a return to (or near return to) baseline in all groups, with the exception of the E15/S100 group, Abbreviations: BMI, body mass index; E5, ertugliflozin 5 mg; E15, ertugliflozin 15 mg; HbA1c, glycated haemoglobin; S100, sitagliptin 100 mg. Data are given as mean (standard deviation) unless otherwise specified. in which a modest decrease from baseline remained through Week 52 ( Figure S2 , Appendix S1). There were no notable betweengroup differences in the proportion of patients who had at least 1 eGFR value or a last on-treatment eGFR value >30% or >50% above baseline.
During Phase A + B, there was 1 confirmed case of diabetic ketoacidosis in the E15/S100 group. Three patients had confirmed fracture events: 1 patient in the E5 group (cranium; cause not available), 1 in the E15 group (hand and rib fracture following a fall) and 1 in the E5/S100 group (phalanges fracture after hand struck by door).
At
Week 52, mean increases from baseline in LDL-C (9.9%, 9.5%, 10.9%, 10.9% and 10.1%) and HDL-C (6.3%, 7.2%, 0.8%, 6.3% and 9.2%) and median reductions from baseline in triglycerides (5.8%, 5.3%, 3.5%, 5.7% and 2.3%) were observed in each group (E5, E15, S100, E5/S100 and E15/S100, respectively) ( groups (E5, E15, S100, E5/S100 and E15/S100, respectively).
| DISCUSSION
In this study of patients with type 2 diabetes and inadequate glycaemic control with metformin, co-administration of ertugliflozin Abbreviations: CI, confidence interval; E5, ertugliflozin 5 mg; E15, ertugliflozin 15 mg; HbA1c, glycated haemoglobin; S100, sitagliptin 100 mg. Data are given as least squares mean (95% CI) except where stated.
n values indicate randomized patients who received at least 1 dose of study medication and had at least 1 assessment. a P < .001; b P = .004; c P = .005; d P = .002. Statistical testing was not performed at Week 52. study, meaningful differences in the glycaemic efficacy of ertugliflozin 5 or 15 mg, alone or in combination with sitagliptin, were not observed. Co-administration studies may not be the ideal studies in which to discern differences between ertugliflozin doses. Two ertugliflozin doses were selected for Phase 3 studies, as dose-response modeling indicated that ertugliflozin 5 and 15 mg would provide 80% and 90% of maximal efficacy. 4, 18 Although not powered to detect between-dose differences, in a monotherapy study, an addon to metformin study, and an add-on to metformin + sitagliptin study, the 15 mg dose provided 0.2%, 5 0.2% 6 and 0.1% 7 greater reductions in HbA1c compared with the 5 mg dose, suggesting that the higher dose is generally associated with greater SGLT2 inhibition and efficacy.
The degree of additivity between ertugliflozin and sitagliptin when co-administered was as predicted by the quantitative model of Polidori et al., 19 who systematically examined the additivity of AHAs across 8 studies in which simultaneous initiation of combination therapy was compared with the individual agents. The analysis included data from 4 AHA classes (metformin, thiazolidinediones, DPP-4 inhibitors, SGLT2 inhibitors). In all cases, efficacy in the combination arms was less than the sum of the efficacy of the individual treatment arms. On average, additivity was~78% across the studies, which is in good agreement with the additivity observed in our study.
Polidori et al. note that AHA efficacy is influenced by baseline
HbA1c; therefore, when initiating 2 agents, 1 agent can be consid- The ertugliflozin + sitagliptin safety profile was consistent with that of the individual agents [5] [6] [7] 17 with no evident unique safety issues. There was no meaningful difference in the incidence of urinary tract infections among groups. Hypovolaemia and symptomatic hypoglycaemia AEs were infrequent. The incidence of documented hypoglycaemia was low in all groups, with no clinically meaningful differences between the ertugliflozin + sitagliptin co-administration groups and the individual-agent groups, a finding consistent with previous studies of SGLT2 and DPP-4 inhibitors. 12, [20] [21] [22] [23] An increased incidence of genital mycotic infections is expected with SGLT2 inhibitors because of the increased renal excretion of glucose with these agents; indeed, a higher incidence of genital mycotic infections was observed in the ertugliflozin-containing groups compared with sitagliptin groups, and a similar incidence was observed between groups receiving ertugliflozin as an individual agent or receiving it coadministered with sitagliptin.
Transient, reversible decreases in renal function, probably haemodynamic in nature, have been associated with SGLT2 inhibitors and there have been post-marketing reports of infrequent events of acute renal injury. 24 However, long-term data from the empagliflozin and canagliflozin cardiovascular outcome studies (EMPA-REG and CANVAS) showed that the progression of kidney disease was slowed with empagliflozin or canagliflozin treatment. 25, 26 In the sitagliptin cardiovascular safety study (TECOS), a small reduction in eGFR was observed early on, which was not progressive over time; the mean change from baseline in eGFR was −4.0 mL/min/1.73 m 2 in the sitagliptin group vs −2.8 mL/min/1.73 m 2 in the placebo group at 48 weeks. 27 Consistent with observations concerning other SGLT2 inhibitors, 17, 28 in the current study LDL-C levels increased slightly in E15 (n = 248) S100 (n = 247) E5/S100 (n = 243) E15/S100 (n = 244) Prespecified AEs
Genital mycotic infection (female)
Week 26 (ER) 6 (4.9) 8 (7.0) 1 (1.1) 6 (5.0) 9 (7.6) c
Week 52 (IR) 6 (4.9) 8 (7.0) 2 (2.2) 9 (7.5) 11 (9. 3) c
Genital mycotic infection (male)
Week 26 (ER) 6 (4.7) 5 (3.7) 0 5 (4.1) c 3 (2.4)
Week Abbreviations: AE, adverse event; E5, ertugliflozin 5 mg; E15, ertugliflozin 15 mg; ER, analysis excludes events occurring after rescue medication; HbA1c, glycated haemoglobin; IR, analysis includes events occurring after rescue medication; S100, sitagliptin 100 mg. Data are given as n (%).
a Determined by the investigator to be related to the study drug.
b Death in the E15/S100 group occurred off-treatment during the post-study follow-up period. c P < .05 vs S100. 
